Abstract.-Heat-labile opsonins to pneumococci in normal mammalian sera, unlike antibodies, fail to interact with the bacteria at 0C and require Ca++ and/or Mg++. They are readily removed from serum by antigen-antibody complexes that fix complement (C) and are inhibited by reagents that inactivate various C components. The principal heat-labile opsonin to pneumococci is activated C3 (C3b), but a slight enhancing effect is exerted by one or more of the late-reacting components of the hemolytic complement system (C5-C9). Since heat-labile opsonins are immunologically polyspecific, they presumably play a broad protective role in the early (preantibody) phase of acute bacterial infections.
The nature of the heat-labile factors in normal mammalian sera that promote phagocytosis of many pathogenic bacteria has long been a matter of contro- The organisms were incubated in the opsonizing medium for 30 min at 370C and were then washed once in balanced salt solution (BSS),11 suspended in BSS, and added to the phagocytic system (see Methods). The serum was undiluted except for the reagents added, which never exceeded 0.1 ml per ml. The pH of the undiluted serum was not significantly lowered by the acid formed from the EDTA-CaCl2 reaction.
The role of C3: When pneumococci were incubated in normal guinea pig serum, they consumed a larger percentage of C3 than any of the other eight complement components (Fig. 1) . Since C3 is the most plentiful of the complement components in guinea pig serum,14 it is clear that the principal component consumed in the reaction was C3.
Monospecific anti-C3 serum from rabbits immunized with purified guinea pig C315 caused type 25 pneumococci, pretreated with normal guinea pig serum, to agglutinate. In addition, it caused their capsules to swell (quellung reaction). Similarly, goat anti-rabbit globulin labeled with fluorescein isothiocyanate16 stained specifically the capsules of pneumococci that had been pretreated with normal guinea pig serum and the monospecific anti-C3 rabbit serum. (Pn25) and unencapsulated (PnR) pneumnococci. The organisms were harvested in the log phase, washed twice, and resuspended in Hanks' bovine albumin-glucose solution (HBG)P at a concentration of 1.25 X 1010 per ml. 0.05 ml of the suspension was added to 1 ml of the serum and incubated for 30 min at 370C. After removal of the organisms by centrifugation, the serum was titrated for the residual complement component.1' Their titers are expressed as percentages of the respective components contained in nornmal serumin that had beeii sirililarly incubated with 0.05 ml of IIBG as a control.
VOL. 63, 1969 uptake from heated serum"8 was 1.3 per cent and from serum containing 0.01 M EDTA only 0.9 per cent. Addition of 0.86 ,ug of a purified fraction' of cobra venom to 1 ml of guinea pig serum destroyed more than 95 per cent of the C3 activity of the serum without causing a detectable loss of C1, C4, or C2. Whereas phagocytosis of encapsulated pneumococci was virtually nil in the venom-treated serum, the opsonic activity was fully restored by the addition of purified C3 (Table 3) . TABLE 3. Ability of purified CS to restore the opsonizing activity to normal guinea pig serum pretreated with a purified factor from cobra venom. To inactivate C3-C9, 0.86 jAg of venom'9 was added to 1 ml of NGS and incubated at 37CC for 1 hr. To restore C3 activity in the venom-treated serum, 1.2 mg of purified C31' in 0.08 ml of 0.05 M sodium chloride and 0.005 M pH 5 phosphate buffer was added to 1 ml of the serum. When the C3 was tested alone as an opsonin, the same amount was added to 1 ml of HBG. The phagocytic tests were done with encapsulated pneumococci (Pn25) and with guinea pig exudate leucocytes. The results of two representative experiments are recorded.
All these findings indicate that C3 becomes fixed in the capsule of the organism where it participates in the opsonization process. The failure of C3 alone to opsonize the organisms (Table 3 , line 4) suggests that it must be converted, presumably to C3b, before it can function as an opsonin.
The role of later-acting components: Since cobra venom may inactivate C5-C9, as well as C3, the question arises as to how much of a role the late-acting components of the complement system play in the opsonization process. To answer this question, studies were performed with C5-deficient mouse serum. 20' 21 Its promotion of phagocytosis, as shown in Table 4 , was slightly less than that of coisogenic normal mouse serum,21 and the deficiency was at least partially reversible with purified C5.22 This finding was corroborated by the demonstration that the C5-deficient mice are slightly less resistant to a carefully calibrated pneumococcal challenge than are their coisogenic relatives (Fig. 2) .
Thus, it is evident that heat-labile opsonins to pneumococcus consist primarily of C3 but are slightly enhanced by one or more of the late-acting components of the heniolytic complement sequence. Discussion.-It seems reasonable to assume that fixation of the necessary C factors on the bacteria is mediated by antibody and the usual sequential activation of complement components. The natural antibodies involved, however, must be to cell-wall antigens, since an excess of homologous capsular polysaccharide does not interfere with phagocytosis promoted by heat-labile opsonins. 10 The putative cell-wall antigens are presumably shared by many bacterial species, i.e., are immunologically polyspecific.
In related studies of erythrophagocytosis, Nelson found that sensitized sheep erythrocytes carrying antibody and EACi, 4, 2a, 3b are readily phagocytized, whereas cells carrying antibody and only EACI, 4, 2a are not. 24 The results of the present experiments are of particular interest in relation to the recent detection of C3 reactive sites on the surfaces of monocytes2' 26 and granulocytes.25 It is at these sites that the heatlabile opsonins in normal mammalian sera probably function as immunologically polyspecific ligands.
